Background: Hospital-acquired anemia is commonly described in people but limited information currently is available regarding its prevalence in animals.
A nemia is a commonly encountered laboratory finding in critically ill dogs and cats. The etiology, magnitude, chronicity, and physiological consequences of anemia influence the therapeutic plan recommended for the patient, which may involve administration of blood products. [1] [2] [3] [4] Transfusion of red blood cells is an integral aspect of veterinary critical care as a mean of improving oxygen delivery in variety of disorders associated with hemorrhage, hemolysis, and dyserythropoiesis. 5 In people, however, there is increasing awareness of the potential detrimental effects of blood product administration, including but not limited to transfusion reactions and transmission of infectious diseases. 6 Concerns also exist about potential adverse effects associated with administration of aged blood products in both people and animals. [7] [8] [9] The optimal timing of blood product administration, frequently referred to as the "transfusion trigger" in human medicine, is debatable and will vary with individual cases. 10 A better appreciation of the mechanisms underlying the development of anemia in critically ill animals may allow clinicians to implement strategies to avoid its occurrence, and consequently limit transfusion in these patients.
Hospital-acquired anemia development frequently is encountered in intensive care units (ICU) in human medicine. [11] [12] [13] [14] According to a study, up to 95% of people hospitalized in an ICU became anemic by the third day of hospitalization. 12 Phlebotomy practices, blunted erythropoietic response to anemia, and a hypoferric state have been suggested as contributing factors to the high PCV packed cell volume ICU intensive care unit IL-1 interleukin-1 IL-6 interleukin-6 TNF-a tumor necrosis factor a prevalence of anemia in critically ill patients. 15, 16 Critically, ill people therefore may be more likely to receive transfusions, which may further increase their risk of poor outcome. 11 Limited information is available hospitalacquired anemia development in critically ill animals. One small retrospective study documented anemia in 74% of cats that were not anemic at the time of admission to an ICU. 17 These cats tended to be hospitalized longer, and required more blood products.
The purpose of our study was to identify the prevalence of hospital-acquired anemia in critically ill dogs and cats managed in ICUs of 3 veterinary teaching hospitals. A secondary aim was to investigate the association between development of anemia, and phlebotomy practices, transfusion practices, duration of hospitalization, and outcome.
Materials and Methods
A multicenter, observational, cohort study was conducted between May 2012 and May 2013. Dogs and cats >6 months of age admitted to the ICU of the teaching hospitals of the Cummings School of Veterinary Medicine at Tufts University, Cornell University, and the University of Illinois were eligible for inclusion, provided a packed cell volume (PCV) was recorded at time of admission to the ICU and ≥1 result was recorded in the patient record during hospitalization. A PCV was obtained from the medical record daily when available and in event of >1 PCV being performed that day, the first value was recorded. Blood was obtained from either direct venipuncture, or by use of blood obtained from preplaced IV catheters in awake animals housed in these ICUs. If blood was obtained from an IV catheter, a 3-mL presample was obtained by use of a syringe containing 0.3-mL heparinized saline, to insure no contamination of the blood product with IV fluids or medications. This presample was returned to the patient after collection of the blood sample. Blood was collected either into a plastic tube containing 17 IU/mL of lithium heparin or 7.5% potassium EDTA. Anticoagulated blood was transferred to microhematocrit tubes for centrifugation and PCV was estimated by use of a percentage scale rather than laboratory-derived hematocrit. Dogs were considered anemic if their PCV was <35% and cats were considered anemic if their PCV was <30%. 18 Data included in the study were collected prospectively at 2 centers (Tufts and Illinois) using a standardized data collection sheet. Data were retrospectively collected at the final center (Cornell). Data were recorded each day from the patient medical record at Tufts and Illinois. For the retrospective center, patients were identified by reviewing the census of patients hospitalized in the ICU during the study period, with data being collected retrospectively from the electronic medical record. All collected data were subsequently collated and reviewed by 2 authors (A.L. and M.R.).
Patient data including signalment, body weight, presence of medical or surgical disease, number of blood samples obtained during hospitalization, duration of hospitalization, survival to discharge, and cause of death were recorded. Information regarding blood product administration, as well as any transfusion reactions that occurred, was recorded when applicable.
Statistical Analysis
Normality was assessed by the Kolomogorov-Smirnov test. Normally distributed data are presented as mean AE SD, whereas non-normally distributed data are presented as median (range). The Kruskal-Wallis nonparametric test of central tendency was used to compare first and last recorded PCV, number of blood samples obtained in patients with hospital-acquired anemia compared to those that did not develop anemia, number of blood samples indexed to the duration of hospitalization with respect to anemia development, number of blood samples obtained with respect to transfusion administration, as well as the difference between duration of hospitalization with respect to transfusion administration. The Chi-square test for independence was used to assess the relationship between survival to discharge with respect to anemia development, survival to discharge with respect to transfusion administration, and type of disease (medical or surgical) with respect to anemia development. Spearman's correlation coefficients were used to measure the correlation between duration of hospitalization and number of blood samples obtained. Logistic regression was used to model the risk of anemia development with respect to disease category (ie, medical or surgical). Statistical analyses were performed using a commercially available statistical program.
a A 2-sided P-value (P < .05) was considered statistically significant.
Results
Data from 851 client-owned animals, consisting of 688 dogs and 163 cats, were collected during the study period. The median age of the dogs was 8 years (range, 0.5-18 years), and median age of cats was 9 years (range, 0.5-20 years). There were 342 female dogs (295 spayed), and 346 male dogs (279 neutered), and 68 spayed female cats and 95 male cats (92 neutered male). In total, 45 different dog breeds were included, with the most common breeds being mixed breeds (n = 132), Labrador retrievers (n = 74), Golden retrievers (n = 39), and German shepherd dogs (n = 29). The majority of cats were domestic short hairs (n = 132), with the remainder being domestic long hairs (n = 16), and purebred cats (n = 15). The median weight of dogs was 22.3 kg (range, 0.3-94 kg), and the median weight of cats was 4.7 kg (range, 0.5-6.8 kg). The majority of patients had medical diseases (n = 567) and 284 patients had surgical diseases. The most common medical conditions in dogs were neoplastic disease, respiratory disease, gastrointestinal disease, and cardiovascular disease. In cats, renal disease, cardiovascular disease, neoplastic disease, and hepatobiliary disease were most commonly identified. Abdominal surgery, thoracic surgery, and repair of traumatic wounds were the most common surgical procedures performed.
At the time of admission, the median PCV for all patients was 44% (range, 9-67%), with the median PCV for dogs being 43% (range, 6-67%), and the median PCV for cats being 31% (range, 6-55%). At admission, the prevalence of anemia was 32% (272/851), with 30.5% (210/688) of dogs and 49.7% (81/163) of cats being anemic. The last recorded PCV was significantly lower for both dogs (median, 34%; range, 4-64%; P < .0001), and cats (median, 26%; range, 10-46%; P < .0001). Figures 1 and 2 illustrate the trend in PCV over the duration of hospitalization for dogs and cats with medical and surgical diseases, respectively. The overall prevalence of anemia during hospitalization, based on last recorded PCV, was 56.3% (479/851), with 57.1% (393/688) of dogs and 52.7% (86/163) of cats being anemic by the end of their hospitalization. Cats were significantly more likely to become anemic during hospitalization compared to dogs (P < .0001). The risk of developing anemia compared to admission PCV was significantly higher in patients with surgical disease compared to those with medical disorders (OR, 0.63; 95% CI, 0.4-0.9; P = .01).
The median number of blood samples obtained during hospitalization, which included blood samples for PCV estimation and other routine laboratory tests, was 5 (range, 2-54) for dogs and cats. Patients that became anemic had significantly more blood samples obtained (median, 7 samples; range, 2-49 samples) compared to patients that did not develop anemia (median, 5 samples; range, 2-54 samples; P < .0001). Likewise, patients that received blood products had significantly more blood samples obtained (8 samples; range, 2-54 samples) compared to those that did not become anemic (5 samples; range 2-48 samples (P < .0001). When the number of blood samples obtained was indexed to the duration of hospitalization, the median number of blood samples obtained per day was significantly higher for patients that developed anemia (anemia: 1.67 (range, 1-8.8), no anemia: 1.25 (range, 1-9.5), P < .0001) and those that received blood products (blood products: 2 (range, 1-9), no blood products: 1.4 (range, 1-9.5), P < .0001). Blood products were administered to 198 patients (158 dogs and 40 cats), with packed red blood cells being the most commonly administered product in 129 cases (100 dogs and 29 cats). The mean duration of hospitalization was 3.9 AE 2 days. There was a moderate correlation between the total number of blood draws (r = 0.62, P < .0001) and anemia development in both dogs and cats. Hospitalization duration was not significantly different between dogs and cats with respect to transfusion administration (P > .05). Survival to discharge was 85.7% (729/851). The majority of nonsurvivors (102 of 144) were euthanized, with only 20 animals dying of natural causes. Dogs that developed anemia were less likely to survive to discharge compared to those that did not develop hospital-acquired anemia (P = .001), but survival in cats was not significantly different between cats with respect to anemia development (P = .3). Dogs that did not receive blood products were significantly more likely to survive to discharge compared to those that did (P < .0001), but survival was not significantly different for cats that received blood products compared to those that did not (P = .23).
Discussion
This study describes the development of hospitalacquired anemia in critically ill dogs and cats managed in the ICUs of 3 veterinary teaching hospitals. Anemia was relatively common in this patient population at the time of admission to the ICU with a prevalence of 32%. By the end of hospitalization, anemia was more common however with a prevalence of 56.3%. The extent of hospital-acquired anemia described in this study is lower than previously reported in critically ill people (70% within 48 hours of admission to an ICU) 12 and in a retrospective study of cats (84.4%). 17 This apparent lack of agreement may be because of disparity in the severity of patient illness, with the previous studies in people and cats potentially describing a cohort of more severely affected individuals. Regrettably, an illness severity score was not determined for the animals enrolled in our study because of inconsistent availability of data required to formulate such a score. People with higher illness severity scores tend to have overall lower baseline hemoglobin concentrations and higher transfusion requirements during hospitalization. 12 It is a limitation of this study that illness severity was not stratified with respect to PCV and transfusion administration. Interestingly, blood product administration has been considered an independent predictor of worse outcome in people, regardless of baseline anemia, implying that transfusion in itself carries certain degree of risk. 11, 12 Emergency treatment provided for people before admission to the ICU (eg, fluid resuscitation) have been of a greater magnitude than the treatment provided to the patients included in our study.
Our study identified that hospitalized cats became anemic more commonly than dogs, whereas patients undergoing a surgical procedure also were more at risk of developing anemia in hospital. No relationship was apparent however between the development of anemia and overall outcome in cats. In contrast, dogs less commonly developed hospital-acquired anemia, but dogs that developed anemia were significantly less likely to survive to discharge. The outcome of a hospitalized critically ill patient depends on many factors, with hospital-acquired anemia being unlikely to be the sole cause of poor outcome in these patients with complex medical disorders influenced by multiple confounding factors.
Our study also identified an apparent association between phlebotomy practices, specifically the number of blood samples obtained from a patient, and the development of hospital-acquired anemia and administration of blood products. This finding is similar to those of previous studies in people and cats, in which more frequent blood sampling was associated with anemia development. 11, 12, 17 Consideration of the number of blood samples obtained in critically ill people is important, because this has been implicated in hospitalacquired anemia development. 15, 16, 19 The absolute number of blood samples obtained may be less crucial than the absolute volume of blood removed. It is therefore a limitation of our study that the volume of blood obtained from patients could not be accurately determined. Consequently, any association between phlebotomy practices in our study with anemia development does not necessarily reflect causation. In critically ill people, collecting smaller volumes of blood however has been associated with decreased transfusion requirements. 19 Obtaining smaller volumes of blood in small animals, especially small-breed dogs and cats would be sensible, and may be associated with less hospitalacquired anemia. In our study, as has been found in people, 12 an association also existed between transfusion requirements and increased frequency of blood sampling. Animals receiving transfusions frequently have blood samples collected both before and after the transfusion, which may in part explain this observation. Additional work focused specifically on phlebotomy practices in animals that are nonanemic at admission and subsequently receive blood products in response to new anemia may improve our understanding of the apparent association between phlebotomy and transfusion administration. A significant relationship also existed between increased frequency of blood draws and longer duration of hospitalization. Underlying disease state and severity likely impact this observation, and more compromised patients likely require closer monitoring, undergo more phlebotomy and may be hospitalized longer compared to less sick individuals.
Other explanations for the high prevalence of hospital-acquired anemia in critically ill people include a blunted erythropoietic response to anemia and a hypoferric state. The anemia of critical illness in people is characterized by a failure of circulating erythropoietin concentrations to increase appropriately in response to lower hemoglobin concentration. 20 In veterinary medi-cine, the anemia commonly noted in cats and dogs with chronic kidney disease 21 and in some endocrinopathies (eg, canine hypothyroidism) is part of the spectrum of the anemia of inflammatory disease. 22 In addition to impaired erythropoiesis by the kidney in cases of chronic kidney disease, a wide array of cytokines, including TNF-a, IL-1, IL-6, interferon-a, interferon-b, and interferon-c, have been implicated in the pathogenesis of the anemia of inflammatory disease. 21, 23 Hepcidin is produced as part of the acute phase response, particularly in response to IL-6, and potentially in response to other molecules such as lipopolysaccharide. Hepcidin overexpression leads to a state of iron retention, and a relative deficiency in circulating iron, which contributes to an overall blunted erythropoietic response. 22 Administration of exogenous erythropoiesis stimulating agents (eg, darbepoietin) is common in the management of chronic kidney disease in cats, although this practice is not without controversy. 24, 25 This strategy has been documented in people with anemia after trauma, but with inconsistent results.
20,26 Erythropoietin concentrations were not measured in the animals included in our study, but future work investigating the prevalence of erythropoietin deficiency and the role of hepcidin in the pathogenesis of hospital-acquired anemia in critically illness in dogs and cats may be warranted.
In our study, hospitalized cats were more likely to become anemic than dogs, but this did not appear to be associated with outcome. This finding is similar to that of a retrospective study of 180 anemic cats in which overall survival to discharge was reported to be good (62.2%), and outcome was linked more closely to the underlying disease than anemia itself, given the observation in that study that cats with neoplasia did worse. 27 The potential for our study failing to identify an association between hospital-acquired anemia and outcome in cats should be considered. In critically ill dogs, careful consideration of the cause of an unexpected decrease in PCV in hospitalized patients, including occult gastrointestinal bleeding, coagulopathy, and use of drugs with ulcerogenic potential (eg, nonsteroidal anti-inflammatory drugs) is important. 28 The impact of exogenous factors on the PCV in individual patients should be considered. For example, based on our data, surgical patients were at increased risk of developing hospital-acquired anemia, which likely is in part associated with perioperative hemorrhage and fluid resuscitation. The impact of dehydration is relevant, because it plausibly could artifactually increase PCV in dehydrated patients, which may have falsely decreased the apparent prevalence of anemia at the time of admission. Institution of fluid therapy also lowers PCV in dehydrated patients, and may effectively unmask anemia. This may partly explain the development of anemia in some animals in our study. The impact of fluid therapy, ongoing fluid losses (eg, vomiting, diarrhea, polyuria) and the use of diuretics on an individual animal's PCV is complex and challenging to accurately assess. General anesthesia and sedation may lower PCV, skewing the apparent prevalence of anemia. In our study, PCV was recorded in awake patients in the ICU and therefore anesthesia is unlikely to contribute to the results reported in our study. The relative contribution of these exogenous factors in individual animals is considered another limitation of this study. The method of obtaining the PCV result was standardized (ie, microcentrifugation) in this study to decrease the impact of laboratory variation with hematology benchtop analyzers among institutions. An additional limitation of this study is that some data were collected prospectively and some retrospectively. Although measures were taken to standardize data collection, by using a single data collection sheet with unambiguous objective data entry points, a universal prospective approach would have allowed greater control of data (eg, insuring highest accuracy of recording phlebotomy practices).
Our study indicates that hospital-acquired anemia is common in ICUs, despite a relatively high prevalence at the time of admission to the hospital. There was an apparent association of anemia with phlebotomy practices, which warrants further investigation to assess the impact of frequent blood sampling on outcome. The association between hospital-acquired anemia and survival was species-specific based on this data, with anemic dogs having an worse outcome as compared to cats, which likely is multifactorial in nature. It seems prudent to institute measures to limit hospital-acquired anemia in critically ill patients (eg, consideration for small volume blood sampling) pending further data characterizing this association more completely. Additional studies on the pathophysiology of the anemia of critical illness in dogs and cats, including the role of erythropoietin and hepcidin, are warranted. 
